Infrared photometry of four relatively faint (8.5 < U< 11.0) early-type stars at high galactic latitude has been made in the /, //, K, L' and narrow-band M wavelengths. This has been combined with previously published ultraviolet and visible observations to enable a comparison with LTE model atmosphere fluxes. The results imply that at least three of the stars are normal main-sequence B-stars at large distances from the galactic plane.
INTRODUCTION
In recent years many apparently normal main-sequence B-type stars have been identified as lying at large z-distances from the galactic plane (e.g. Conlon et al 1989, and references therein) . The majoritv of these stars have probably been ejected from the galactic plane ). However, a small number could not have reached their current position during their evolutionary lifetimes following ejection from the galactic plane, and imply recent star formation in the galactic halo (see the short review by Trimble 1988) . The problem is that the low density of gas above the galactic plane would make star formation difficult (Savage & deBoer 1981) .
Before we can regard the presence of normal B-stars at large distances from the plane as conclusive evidence of ongoing halo star formation, we have to examine the alternative; that these stars are actually nearby highly evolved objects which mimic normal population I objects spectroscopically. An example is HR 4049, which although initially classified as B9.5Ib has now been shown by Lambert, Hinkle & Luck ( 1988) to be a protoplanetary nebula star lying at the tip of the asymptotic giant branch (AGB). However, stars in the process of forming planetary nebula generally exhibit both infrared excesses and UV deficiencies due to the absorption of high-energy photons by the circumstellar dust and subsequent re-emission at lower energies (Trams et al. 1989) . In this paper we describe a search for such an effect in the flux distributions of high-latitude B-type stars believed to be normal, distant objects from previous analyses of their optical spectra.
OBSERVATIONS AND RESULTS
The stars were observed on 1989 July 12 by AF and ESC using the United Kingdom Infrared Telescope at Mauna Kea Observatory, Hawaii, together with the UKT9 InSb photometer. Photometry was obtained using the four standard filters, /, //, K, L', together with a narrow-band M (nbM) filter (A 0 = 4.66 ¡im, óA = 0.17 ¿¿m). An aperture of 7-arcsec diameter was used for all observations. Standard stars from the lists of Koorneef (1983) and Sinton & Tittemore (1984) were observed throughout the night. Few standards are available for the nbM filter and we therefore used the published M magnitudes of the standard stars, as only a small (0.01 lam) difference exists between the effective wavelengths of the two filters.
Approximately half the night was photometric, reducing our data set to the four targets which are listed in Table 1 . Table 2 contains the reduced above atmosphere infrared magnitudes and colours for the four targets observed. The Table 1 . Positions, magnitudes and atmospheric parameters for observed stars assuming them to be normal main-sequence objects. Mountain et al. (1985) . Optical photometry of our stars was obtained from the references listed in Table 1 . Stromgren uvb magnitudes were calculated from the published colours by assuming equivalence between y and Johnson V (Underhill 1981) . Fluxes were calculated using the conversion factors from Heber et al. (1984) . Ultraviolet fluxes for HD 146813, 204076 and 208213 measured by the TD-1/S68 experiment were taken from Thompson et a/. (1978) . These were then converted to absolute fluxes using the correction factors published by Barylak (1985) . A search of the IRAS Point Source Catalogue (Beichman et al. 1988 ) was made to discover whether our targets had been observed at 2 ^ 12 /¿m. Inspection of the PSC showed no infrared sources closer than 6 arcmin from our stars, far larger than the 95 per cent confidence limits on the individual PSC positions.
Comparison of observed and theoretical stellar fluxes requires a reliable estimate of interstellar reddening. Here the observed colour excess E{ b-y) was found from the intrinsic (b-y) 0 colours of Relyea & Kurucz (1978) and observed (b-y) colours from the sources listed in Table 1 . E(B-V) was then obtained using the relation of Crawford (1978) and found to be 0.08 and 0.01 for HD 204076 and 146813, High galactic latitude early-type stars 337 respectively, and zero for the other two stars. Flux corrections were calculated using the reddening formulae derived by Cardelli, Clayton & Mathis (1989) assuming = 3.1. The fluxes were compared to those predicted from LTE model atmospheres by Kurucz (1979) on the STARLINK computer node at Queen's University Belfast. For each star, a theoretical flux distribution with the atmospheric parameters listed in Table 1 was calculated by bi-linear interpolation in the ( T eff -log g) plane from the published grid of models. The model atmosphere fluxes were then scaled to match the observed flux through the V filter. The resulting flux distributions are compared with the dereddened observed fluxes in Fig. 1. 
DISCUSSION
It is apparent from Fig. 1 that the observed flux distributions of HD 146813, HD 208213 and HO + 23°B are those expected from assuming them to be normal main-sequence population I B-type stars. The UV spectrum of HO + 23°B has previously been analysed by Tobin (1986) and Quin et al. (1990) , both of whom agree with the above hypothesis. These results indicate that these three stars are not surrounded by circumstellar dust characteristic of evolved objects.
HD 204076 does seem to exhibit a slight deficiency ( ~ 25 per cent) shortward of 1965 Â. While the quoted errors on the observed flux are only 10 per cent, the reality of this is questionable as one would expect such a shortfall to increase as one moves to the blue. The infrared observations rule out the presence of hot ( T-1000 K) circumstellar dust, like that surrounding the majority of protoplanetary nebula as found by van der Veen, Habing & Geballe ( 1989) , while at the same time confirming the amount of reddening deduced from the optical observations. Thus if any excess does exist then our observations point to cooler dust lying at some distance from the stars. However, the null detections by IRAS place stringent limits on any such thermal emission. As pointed out to us by W. Tobin (private communication), HD 204076 is listed as a microvariable by Rufener & Bartholdi (1982) . Such intrinsic variability could be related to both the UV discrepancy and that in the J filter which also gives ~ 20 per cent less flux than expected from the theoretical model.
We note that if our four stars are at the distances inferred from their spectroscopic luminosities, the IRAS null detections would not rule out far-infrared emission by cool, extended dust discs (the Beta Pictoris sources) observed around some A-and B-type main-sequence stars (e.g. Whitelock, Feast & Catchpole 1989) . Similar infrared excess in our stars would fall beneath the IRAS detection limits due to the greater distances involved.
Only a few B-type stars have in the past been identified as post-AGB objects. Besides the example of HR 4049 mentioned above, the IRAS source 18131-3008 has been identified by van der Veen et al. (1989) with the central star HD 167402 of the planetary nebula PK2.0-6.2, formerly classified as BOIb. van der Veen et al. also identified the B9 star HD 155448 as IRAS souce 17097-3210. In addition, Conlon et al. (1991) have identified PHL1580 and 174 as post-AGB objects, previously classified as B1II-III and B2/ sdB, respectively. There is clear evidence that such protoplanetary nebula show lower surface gravities than our targets, as predicted by theoretical evolutionary tracks of planetary nebula (Groth, Kudritzki & Heber 1985) .
If our targets are not evolving from the AGB into protoplanetary nebula, then a second possibility is that they are progenitor subdwarf (sd) stars. The detailed evolution of sd stars from the horizontal branch is presently a matter of debate. Depending on the envelope mass when core helium burning finishes, a star may either ascend the AGB, evolve directly into the sd regime, or for critical envelope masses move towards the AGB before becoming an sdO star (Vauclair & Liebert 1988) . However, the range of chemical compositions observed in sds is large, and the normality of the elemental abundances previously determined for these stars gives added weight to their classification as unevolved objects.
CONCLUSION
Three high galactic latitude stars have been found to exhibit absolute fluxes compatible with their previous identification as main-sequence objects from the UV to the near-IR. This strongly supports their identification as ordinary population I stars existing at distances of up to 2.1 kpc from the galactic plane. The evolutionary status of HD 204076 is uncertain at present but the weight of evidence is in favour of this also being a main-sequence star.
